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Abstract: [ Objective ] The aim is to explore the alleviation effect of nano—iron oxide (Fe,0,NPs) on salt
stress of Mini Chinese Cabbage. Method ] With ‘Huangfei’ Mini Chinese Cabbage as the test material and
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ultrapure water as the control , different concentrations of Fe,0,NPs(0, 25,50, 100,200,400, 500 mg/L) were
sprayed on the leaves under 150 mmol/L. NaCl stress.[ Result | NaCl stress inhibited plant growth by affecting
Mini Chinese Cabbage root growth, leaf cell membrane lipid peroxidation, antioxidant enzyme activities , and
the AsA-GSH cycle. Spraying different concentrations of Fe,O,NPs promoted root growth, increased leaf
glutathione reductase (GR) , dehydroascorbate reductase (DHAR) , ascorbate peroxidase (APX) activities ,
antioxidant GSH content and GSH/GSSG ratio, and reduced hydrogen peroxide (H,0,) , superoxide (H,0,) ,
superoxide anion (O, ) , malondialdehyde (MDA ) , proline (Pro) content and relative electrical conductivity
(REC).The spraying effectively mitigated the inhibitory effect of NaCl stress on the growth of Mini Chinese
Cabbage seedlings.Fe,0;NPs at 500 mg/L significantly increased total root length , root volume, root tip number
and root surface area of Mini Chinese Cabbage plants under salt stress by 55.66%, 56.33%, 68.49% and
57.61%, respectively; it significantly reduced the H,0,, O, , MDA and Pro contents in leaves by 48.77%,
42.50%, 23.68% , and 47.53%, respectively; it significantly enhanced GR, DHAR, and APX activities, and
increased GSH content and GSH/GSSG ratio by 16.39%, 18.66%, 56.64%, and 35.41% and 60.26%,
respectively. [ Conclusion | 150 mmol/L. NaCl stress had a significant negative effect on the growth of Mini
Chinese Cabbage seedlings , and exogenous sprays of Fe,0,NPs at different concentrations (25-500 mg/L.) were
able to effectively alleviate the inhibitory effect of NaCl stress ; the alleviating effect of 500 mg/L Fe,0;NPs was
optimal under the experimental conditions.
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Tab.1 Experimental treatments

Ab 3 NaCl/(mmol - L") Fe,0,NPs/(mg-L™")
CK, 0 0
CK, 150 0
T, 150 25
T, 150 50
T, 150 100
T, 150 200
T, 150 400
T, 150 500
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Fig.1 Effects of different concentrations of Fe,0,NPs on root morpho of Mini Chinese Cabbage seeding root under salt stress

2.2 Fe,ONPsX{EiiME TEHER S ERBZESS BN

AR SR Fe,0,NPs Xf NaCUBME M ELES A B RIE S S A LK 2. 5 CK AL, NaCl 4k
B B SR A MR VR R T B AR AR BRI AR AR S AR, 23 01 A1 61.20% .61.88% . 74.85% Al
61.11%. W T ME i A [7] 57 f5t 4% B2 1) Fe,ONPs 28 135 32 55 NaCl 38 T Sk 2 2y B i S ARG R
RIS AR A5 Hoh T AR FRACR f o0 B, SRS AR AR ISEL, IR R S i ARAL CK, 20 i) 18
55.66% .56.33% .68.49% #157.61%:

R2 AEREIRE Fe,0,NPs A BT iME TR ERSD B RAESSHNZ M
Tab.2 Effects of Fe,O,NPs with different concentrations on morphological parameters of
Mini Chinese Cabbage seeding roots under salt stress

Qb3 AR K /em ME M em? AR /em’ iS4
Treatments Total root length Total root surface area Total root volume The number of root tips
CK, 847.01+£70.29° 75.06+6.24" 0.53+0.044" 1942.00+£112.66"
CK, 328.67+28.78¢ 28.61+5.63° 0.21+0.081" 481.67+22.25'

T, 457.28+28.20' 42.78+2.23" 0.32+0.017° 741.67+2.49°
T, 554.15+12.40° 52.77+1.60° 0.40+0.032" 859.33+37.03"
T, 605.75+17.33" 57.44+2.44" 0.43+0.025" 926.33+10.21"
T, 651.87+14.04" 61.33+2.97" 0.46+0.036™ 1035.00+41.30"
Ty 683.19+2.73" 63.61+3.08" 0.49+0.099® 1246.00+116.68°
T, 741.20+10.63" 65.51+2.94" 0.49+0.017" 1550.00+100.24"

RIS NG 5 B 354 0.05 K - 252 9 3

Different lowercase letters in the same column indicate a significant difference at the 0.05 level.



- 860 - RN AN I 3 o 46 &

2.3 Fe,O.NPsXfEh BB TEE I L E M A REC #1 MDA B30T

ANTRJ A BRI 52 ) REC B AN MDA 75 5 (B R LK 2A &I 2B, 5 CK A Eb, NaCl AR PR i 245 v 1 1k
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Fig.2 Effect of Fe203NPs on REC and MDA in Mini Chinese Cabbage seeding leaves under salt stress
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Fig.3 Effect of Fe,0,NPs on H,0,,0, and Pro in Mini Chinese Cabbage seeding leaves under salt stress
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Fig.4 Effect of Fe,0,NPs on chemical tissue staining for hydrogen peroxide and superoxide anions
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in Mini Chinese Cabbage under salt stress
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SR it b SOD  POD  CAT B P i & 580, 43 5134 1 60.17% .12.25% 17.79%. - T8 W it A~ []
JT R ) Fe,O,NPs J& SOD . POD \CAT )5 Pk Bl 75 Fe,0,NPs T 1€ B A 384 i B A 5 55 CK AR B, T b
P52 AL SOD \POD (CAT BYTEE , 43 HIREIR T 56.88% . 14.67% .25.66%
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Fig.5 Effect of Fe,0,NPs on SOD,POD, CAT in Mini Chinese Cabbage seeding leaves under salt stress

2.7 Fe,ONPsXf NaCl il THEESE L E M A AsA-GSHEIREX YRS EM M

Fe,0,NPs X} NaCl i T 34 i B AsA-GSHAGFMESCH BT & it 52 W3 3. 5 CK AR LL, NaCl i
JAALFRT AsA \DHA (GSSG & i Z 140, 70 N T 24.55% .43.07% 38.12%; GSH 755 K GSH/GSSG HUAE Y
TR, S BRI T 44.18% .66.28% . MTHIMTif Fe,O.NPs Ji7 , AsA .\DHA .GSSG & 4 CK &A%, i F GSH

i M GSH/GSSG L ERES Fe,0,NPs BTtV BE A3 E g, TAbEE 5351380 1 35.41% .60.26%

&3 Fe,ONPs3f NaCliB TR 4 B 5 AsA-GSH BB X ¥R & 2R
Tab.3 Effects of Fe,O,NPs on the contents of AsSA—-GSH cycling-related substances
in leaves of Mini Chinese Cabbage seedlings under NaCl stress

b3 100 ghi MMM /mg  WEABTIA MR/ AMRABEHI RSB ik CSH/CSSC
Treatments ASA (nmol-g™')DHA (nmol - g™ )GSSG (pmol-g")GSH

CK, 23.24+0.84¢ 142.86+17.76° 23.33+2.57" 0.397+0.088" 17.419+4.84"
CK, 30.80+0.76" 250.97+1.58" 37.70£2.27" 0.221+0.027* 5.873+0.66°
T, 30.18+0.05" 238.74+16.18" 35.63+3.53" 0.238+0.029" 6.840+1.52°
T, 30.14+1.15 227.80+11.37* 32.06+3.87" 0.239+0.004 7.591+1. 11"
T, 28.76+0.50" 207.85+12.74" 30.77+1.45 0.276+0.009" 8.991+0.39""
T, 23.95+0.58" 200.77+2.41" 24.21+1.04° 0.288+0.014" 11.884+0.13""
T, 23.88+1.07" 200.77+4.17" 24.01£2.57° 0.310+0.010™ 13.103+1.73™
T, 23.62+0.30" 182.10+14.55" 23.20+0.37¢ 0.343+0.007" 14.780+0.50™
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2.8 Fe,O,NPsXf NaCl 8 T iEEES 4 8 H 5 AsA-GSH I8 X 8 B i M A 31

Fe,0,NPs X} NaCl Fp i F fE i S 4 P i F AsA—GSH 7 F 5 Bt i 06 M5 1 52 ) W26 4. NaCl a6 kb 21
AR T APX HI MDHAR BOTE 1 , 48 CK, 23 B34 i 54.67% . 50.04% ; GR FI DHAR F& 3 14 W) 8. 3%
1%, 5 CK, 20 BIR A% 9.4%  17.14% . FifiZ5 Fe,0,NPs J5T i 4t FE (38 /i, AsA—GSH 73R Fh APX .DHAR 1 GR
T P v 5, Horp T, A L APX . DHAR Al GR 1 4 ¢ CK, &b 3 I 25 38 T, 4371 34 in 56.64% . 18.66% .
16.39% ; B % Fe,0,NPs £ 3T 4k B A 34 0, - MDHAR 5 PEREAI

4 Fe,O,NPsXf NaCl BB T4 BT AsA-GSH IR X BB MR 20
Tab.4 Effects of Fe,O,NPs on key enzyme activities of ASA—GSH cycle in leaves of Mini Chinese Cabbage
seedlings under NaCl stress

AFIDEH L i it/ JREPUR MR s i PR EPUA R SR R A A

Treﬁiii;nts (nmol+min™"+g™) (nmol +min™"+g™) fitf/(nmol * min~"+ g") (U-g"*min™")
GR DHAR MDHAR APX
CK, 603.89+0.74" 326.97+24.53" 718.78+28.32° 22.67+3.40°
CK, 546.72+8.75¢ 270.91+22.34¢ 1 564.05+94.96" 50.00+5.35"
T, 550.29+11.01° 282.90+9.33¢ 1 360.37+60.90" 53.33+13.77"
T, 555.65+19.73¢ 287.65+6.54" 1151.60+£106.87¢ 63.33+8.50™
T, 571.73+25.27" 290.78+7.32" 1 124.26+44.05* 77.00+6.48"
T, 619.97+22.03" 319.18+16.38" 1 046.54+108.83 82.33+9.03"
T, 625.33+20.68" 324.70+9.68" 1041.72+67.37* 91.67+10.96"
T, 653.92+8.75" 333.07+5.16° 962.39+77.11 115.33+7.59*

3 WiEER

FARAE Y AR RTETAR RIS 2 SRR R L A5 2 i B AR R A SOIR DL Y L SR AR
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TR B BAR SB35 e 2 5 IE 3 h R SR 45 SR — 30 Fe,O,NPs REUEHE AMIWIIAR Y, 42 w9 1)
TR WM R S IAR ) B DL R AL BE T MO ST, S S A ) O DU BE 7, e BEARL ) 100 2R I R A 7
ABEFEH, SN Fe,0,NPs ARG A 1 ER W00 St S W it RS ARSR AR AR JRB AR AR By 41
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BEA Fe,0,NPs J5T 5 4% B (1935 Jin 2 A9 1) Fe,O,NPs 38, DA R 30 e e SR AR % 400 ) 2 KR 38 ok
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40 5 X 4 ) A0 M BRI A I A A BB, IE NG OO T, A MR B A e R, i 2 A
Y52 BN W e I A0 A2 B REIA . SR ST R T B R B AR IR A AR R AR R K
Na' il CI, BHCIR 240 0 P g -~ 1687 , )™ o522 W) 200 JE 375 P % 400 i i 1 , S S5 A Qi 2L AR R R 10
MDA , Z g i S R BE hnfl o ARBFFE 4 SRR M, SE0 T GE 34 i i - MDA &5 & 2504, 24 i
NRELF 32 BRI, X SR e AT FE LR M8 T R F SR (L AE & I8 15 A & 2R — 2. WFTER T,
AR AR IIURE T S v AL 0T AR AR D30 TR 32 P ARl A W00 T R AR A I AR A R B T B A A R
A AR AW, EhRE T RS A T B Fe,0,NPs BEWS 2% I MDA % & , X 5 Rizwan
SEHIAN AR E AR AN A B AL B BF ST S5 R — B, MDA & f BEWIE Fe,0,NPs 5T ¥ O3 I~
I, 3 AT RESE PN N Fe,0,NPs Ji e ¢ B2 )35 I REAS e 2t Ik LR Al B HU B AL 2R G A4 AT T A 8ol 2 1 i
Jtsd A S, AT MDA 56

T E T AR A RO MDA 38 185 A IR 45 5 AR D R e A 20, 5 DR IR i S AR VR T 5
H.R7K-F-#9 MDA RE % 5 240 i 3 F8 AR 25 19 O, 1 1,0, , 38 UK ZR Gedhi 3 , 5 A 40 i 1k S 4 i v
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i BT E AN 7™ H 5 0 2H 220 L A GO R B R E AT AR BR80T R I R T e dE S
ST R AT R (REC) , 2% B £ i3 7™ 5 458 495 e Lk 52 2 i v o A B B, 51 7 400 i P9 e i 5 i 40
BRI NSNS Al . AFTE R B GORERRRAS K IR AR P38 R P2 AR B ROS W 4ERE 7 — 2 K-,
TR PR ROS 28 2 A S XA ) 68 W i IS Mg 2ot S8 Ak, A R M R I ) e 38 M o ARIIF 9 205 SR B, AP IR i
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SEANTA N i 20 M BRSP4 A0 P A 25 A AT RE ) 52 3 o ROS B 22 a2 A e 470 400 M 4 4 2
() E BAE A5, AT S e AR 0 T R 1 o ASBIESE b, Eh B0 2B AR U T LS4 i 0, R HLO, B
0 i Fe,0,NPs REHS B 3 FEARER W38 N B 4 i i b O, T H,0, 5 i, B Fe,0,NPs Jii it
WP I B ROS R 22 4 0 35 1K, 3X 5 Sarraf SFP I RIFS 45 R — 5, Fe,0,NPs HA K L R I BURR% , B
% Fe,0,NPs Tt 59 B (914, A IS A4 1Y 1) Fe,O,NPs BE A% I [hast 5 (19 Na™ i I, J84% NaCl % fE i35
T B PE WA, TR 2 45 e 32 4000 A it mp ) S A 30 D B g E Tk 20 ROSS YRR 23, A T 2% M e 1=
I A et 8 A RN 40 B R T

[ 28R (Pro) VR — BB i V8 15 ) 5T, 25 0 40 Wi 7 S A5 0 10 360 A 15 20 38 35 7, A6 ORI A ) e
ZAEA Y 05 5 T R A EAE Y N BN R YRR R0, A AR AR AR A5 H AR E
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DA 4 I B 20 2R3 K, G2 A R D 3i YT R 3 B 15 5 L 4 SR I e . A — YL A A AZ 2
TE AR R R A PN Pro 157 B R 5 X4 W R R DR ), Pro 1Y 1 FE LB 2 FRAIKS. AEARHEST R, Eh B
AR T ISR 0 B Pro i XS BB SRR /N LSRR W R AT SR 45 SR — 8. Tariq S
W5, 9K ERAE 2 A B A= W il vl 35 S22 Y, AR h AR S it Fe,O,NPs BEAS il 2 AR ER e
UL Pro i, HLFH AT Fe,O,NPs UtV BE (34 1 Pro 7 i 52 TR #, I g2 I WA — 2
ARV TR P Fe,0,NPs Joi o 3¢ 5 A9 498 T E 0 AN [v) 5 B8 100 20 4 S ek S8 40 1 AN P 98 35 T )~ A TN A 2 RSk g
1, DN G gk Jo it ) 4 5, i v i R e

VA ) 1 A7 3 1 T B 2 T A B AR R I g ARk S N N, 2 T e A ) T R A AR
N AsA—GSH 1 25 BE 5 185 [ 05 Pk 48 1 H 68, 43 ROS S , 25 ik 2H 207 40 i 1ok 48 Ak HE 21" ASA-GSH &
PR W A P A BT A AL B AR 2R, 3B i AsA L GSH . GSSG . DHA 254 48 AL % , LA K APX . MD-
HAR .DHAR .GR .SOD . POD 253t 5 Ak i 3 [ £ FH 24 5 40 e 1) S8 AL IR SRR S, SOD = 244k 0, A Ak
H,0,#10,, CAT 44k H,0, 3% 3 H,0 F1 0,,S0D . CAT 1% ¥ T = 156 B H,0, 25 U HE J1 34 38, HE A it o /e 14
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SEL AN BB AL R ISR TE RS VE T . SR R BT, AsA-GSH R 3R, /N [ 38 HE R /N E 914 6e g
T 5 AsA—GSH 1 P15 A 40 Ak 770 5 J 760 OC S il 7% M DR AR AAS 9 00 S A IR i P4l . ZE A5
o, NaCl B8 IR 1 Gk B 532 4y i 1) Jo FB 480 Ak 0 5, b T 5 i S () J0 ot v B2 119 Fe,O,NPs AN [ 72 B 114 34
JnT ER A R S 4 R ASA-GSH i 36 & 46 Hh G HE i GR . DHAR L APX (3 M, DU KBt 84
BT GSH &% £ , 3458 T i LES L) M U A AL RE ), A AU T 3 b i i e g AR K AR 2 . T
Yk ZE AR Y FE U APX RE A8 K 40 D PN 9 ASA RN H,0, 44k R HLO AR S PT IR IR o ARSI oY 3%
W1, APX Fil DHAR J& AsA—GSH 1§ 5 v 36 M A ok A9 it , L3 14 104 5 55 042 52 ) AsA—-GSH T 35 B ROS
IR . ABEFE Y, W Fe,0,NPs i 2 {2 2 T R W0 T LB 52 40 i 7o b APX I DHAR 093 M, iX 7F
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SERHTR NI ROS B = o FEWT 05 2% B0, A 40 1 % A= 0 v 38 B4R 9 AsA L GSSG & DHA 7
SEIGIN, RS DR A B RS AT . AR SR A AR B BRI AE S SN T Gk SR A R G EE BUR L
Jii ASA \DHA ,GSSH 7% 1 S OCHE B MDHAR (APX 35 1% , Fe,0,NPs A0 3 BB A% 1 25 14 5 3 W38 T e 15 4y
17 i 7 APX Fl DHAR ¥ 1 , & W] Fe,O,NPs fE 98 42 F+ AsA—GSH 71 ¥F th ROS ¥ B HL i (Y9 24 3, Jf- 15 9
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ZE LR, 150 mmol/LNaCl i X (e i 3 4y i %) 16 5 A= 4 7 A B S ) G780, AR it A [] Jo 0 i
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RE NI,
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